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PREFACE 


This report was prepared by the U.S. Department of Energy, 
Bartlesville Energy Research Center, for the U.S. Department of 
Transportation, Transportation Systems Center, Energy Technology 
Branch, Cambridge MA. Presented are results of experimental work 
performed to obtain information on performance characteristics of 
an engine suitable for use in automobiles sold in the United 
States. ihe engine used in this work is one of a series of 23 


engines to be tested in the current program. 


This project is funded by the National Highway Traffic Safety 
Administration, Office of Research and Development, Office of 
Passenger Vehicle Research, Technology Assessment Division. 


Ralph G. Colello and James A. Kidd, Jr. of the U.S. Department 
of Transportation, Transportation Systems Center, are the technical 
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1. INTRODUCTION 


Data acquired from steady-state tests of a 1975 Dodge Colt 1.6 
liter (98 cubic-inch-displacement) engine are presented in this report. 
This engine is manufactured in Japan by Mitsubishi and is used in 
compact size vehicles sold in the United States. The test results 
are sufficient to establish maps of fuel consumption and emissions of 
carbon monoxide, unburned hydrocarbons, and oxides of nitrogen over 
the operating range of the engine. 


The objective of this program is to obtain basic engine data to 
be used in predicting the fuel economy and emission characteristics of 
current production engines operated in various duty cycles. 


2. ENGINE TEST REPORT 


General engine specifications for a new mean-tolerance Colt 
engine are given in table 1. A single batch of unleaded regular- 
grade fuel was used for the entire break-in and testing program. An 
analysis of the fuel appears in table 2. 


Prior to testing, the Colt engine was operated in a vehicle over 
public roads for a break-in period of approximately 2,000 miles. The 
engine was then removed from the vehicle, mounted on a test stand, and 
coupled to an eddy-current dynamometer. All engine accessories except 
the radiator and fan were transferred to the test stand setup. Engine 
cooling was provided by an external cooling tower. The electrical 
requirements of the test stand mounted engine were met by an external 
battery and recharging system instead of the standard alternator 
charging system. 


Steady-state tests of the engine were made at 11 different speeds 
to include the entire range of engine operation. Load on the engine 
was varied in steps from zero to the maximum attainable at each speed. 
Additionally, the engine was motored by an electric motor at several 
speeds to simulate closed-throttle decelerations. Table 3 indicates 
the speed/load combinations tested and may be used as an index to the 
tabulated data at the end of this report. 


The following data were recorded: 


Test number 

Date 

Barometric pressure, mm Hg 

Dewpoint, °F 

Inlet air temperature, °F 

Speed, rpm 

Torque, 1b-ft -- BLH strain gage load cell; Daytronics indicator 
Fuel rate, lb/hr -- Fluidyne positive displacement fuel flowmeter 
Ignition timing, °BIC 

Manifold vacuum, in. Hg 

Throttle angle, deg 

CO, pct -- Beckman NDIR 

C05, pct -- Beckman NDIR 

Oo, pct -- Beckman polarographic detector 

HC, ppmC -- Custom-built heated flame ionization detector 
NO,, ppm -- Thermo-Electron chemiluminescent detector 

Oil temperature, °F 

Oi] pressure, psig 

Coolant temperature, °F 

Exhaust temperature, °F 

Exhaust pressure, in. H90 

Intake manifold temperature, °F. 


The following equations were used in calculating power, air/fuel 
ratio, absolute humidity, and mass emission rates of carbon monoxide 
(CO), unburned hydrocarbons (HC), and oxides of nitrogen (NO,): 


1. Partial pressure of water vapor in intake air (millimeters 
One MemRcuUnYy,) : 


de 7398.1] 
P = exp far = WPS 5 


where D = dewpoint, °F. 


2. Absolute humidity (grains moisture per pound dry air): 


_ 4347.8 (P) 


u BNP Me 


where B = barometric pressure, mm Hg. 
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Humidity correction factor (dimensionless): 


i= | ‘ 
HT - 0.0047(H - 75) 
Note: This factor is used to correct the NO, mass emission 
rate to a standard humidity of 75 grains moisture per 
pound dry air. 


Stoichiometric air/fuel ratio (dimensionless): 


X 
ro ee 2 Sy) 


Ss MFyel 
where xX = hydrogen-carbon atomic ratio of fuel, 
y = oxygen-carbon atomic ratio of fuel, 
MWfuel = fuel molecular weight per carbon atom, | 


12.01115 + 1.00797x + 15.9994y. 


Hydrogen concentration in raw exhaust (percent): 


Ea (COCO ICOD 
2 ~ ~2(C0 + 3C0>) 
where CO carbon-monoxide concentration (percent), 


CO = carbon-dioxide concentration (percent). 


Note: This equation assumes a water-gas shift equilibrium constant 
(CO)(H90) _ 
(CO>) (Ho) ; 


Correction factor for emission concentrations from wet basis 
to dry basis (dimensionless): 


: (5)(CO + C09) - He 
Cpe ee TOO 


Note: In these tests only HC is measured on a wet basis. 


All other species are measured on a dry basis. 


7. Air/fuel ratio (dimensionless): 
NO 


x 
- AFs | (14 5 - y) (CO) + (2 + 5 - y)(CO2) + 2(02) + roe - Hp 
Ties > a 4S I, 
CRE ey CO + COp + C (He) 
where 05 = oxygen concentration (percent), 


HO, = oxides of nitrogen (ppm), 
HC = unburned hydrocarbon concentration (ppmC). 


8. Exhaust flow (pounds per hour): 


Meee Me (1 Ais 


EX 


where Mr = fuel flow rate (pounds per hour). 


9. Carbon monoxide mass emission rate (grams per hour): 


M MW 
M EA EO) 709) 453. 59237, 
Wey 


CO Cy 00 


where Meg = = molecular weight of CO (=28.01115), 
Wey = molecular weight of exhaust gas (=28.967). 


10. Unburned hydrocarbon mass emission rate (grams per hour): 
Mi 
HC 
Muc = Hex (95) (aye. a )453.59237 


molecular weight per carbon atom of HC, 


where TilW = 
He = 12.01115 + 1.00797x + 15.9994y. 


11. Oxides of nitrogen mass emission rate (grams per hour): 


M Mino 
= Ek (a 


No, 08) CH ) (Ky) 453.59237, 


where IiNyg, = molecular weight of NOo (=46.0028). 


12. Power (brake horsepower corrected to a standard barometric 
pressure of 736.6 mm Hg and a standard temperature of 85° F): 


N(T) 736.6, ft_+ 460 
HP = sosths | (saeap) Vv sede 


where N = engine speed (revolutions per minute) , 
= brake torque (foot-pounds) , 
t = air temperature (°F) , 


3. DISCUSSION OF TEST RESULTS 


The maximum torque and power output (figure 1) measured in this test 
were somewhat lower than those quoted in table 1. Air/fuel ratio de- 
creased as brake horsepower increased (figure 2). Emissions of CO, HC, 
and NO. (figure 3,4, and 5) are typical of well controlled late-model 
engines. Fuel rate increased as brake horsepower increased (figure 6). 
Emissions were maintained at low levels for the low-power modes 
typical of urban driving. Carbon monoxide emissions increased greatly 
as the air/fuel ratio decreased near wide-open-throttle operation. 
Hydrocarbon emissions tended to be high during idle and low-power 
operation, probably because exhaust temperature was too low to permit 
efficient oxidation by the engine's air injection system. 


The repeatability of emission rates, fuel consumption, and engine 
performance was satisfactory for the purposes of these tests. 


4. CONCLUSIONS 


The purpose of the experimental work that is reported here is to 
establish data for this engine. Those data are presented in the accom- 
panying tables of this report. 


TABLE 1. MANUFACTURER'S ENGINE SPECIFICATIONS 


PIURSPIACEMENE RE CUls UMlaceces Gs. s sc c.so cme ove e coe cewes ees 97.5 
Maximum horsepower, bhp @ 5,300 rpm................ 79 
Maximum tongue’, Ib-ft @ 3,000 rpm:.:..-.......2..6- 86 
TRA _AMel SUPOKSS MIMS Sane oS Coe I een ere re 3.03 X 3.39 
ROEM cite OM erspeetn aie) cia ie cs, caiss ale Sec onal dos nue bustgeubuteeudsoue in-line upright 
4-cylinder 
POMP GESSH OM AiG Olevs se retersiavoreic eyorSievers ovauoveves srevenevorese-eneseiere (Ip) 
FUL URE): CORBIS SSS dio © ECR Rea iee a erry aL ee ee 1-3-4-2 
Ignition timing at idle speed, ° @ 850 rpm......... 0 
SIGE TEAC ome. 6p-5 Gee nee ao ae eens ere cast iron 
BEG] MEGA TO ces SAIS SS OU eee eee eam cast iron 
Number of ‘crankshaft main bearings...........e0- 0. 5 
Number of compression rings/piston...............6. 2 
NUMBSROMMONME RINGS ADWSICOMN: s.... -- «2 cvereisrele < orowatertetoqar « ] 
GAMMMCIBIVERELY DC lregs Graver ore are aoe + cleie onc rcs ics wloie 0 cS'ele'e ool chain and sprocket 
Valve lift: 
MEALS MGS oé ORGS ae eee eo mere eats 0.375 
VMAUSTE Sie Ulilcig co eI CRS Ce Ce ieee aie ame 0.4375 
Valve timing: 
HTMEAIKCHOPENS Be ABMIG oc2scessee. cos ues ovevaveus.ospetareiedi Mereleie 32 
IMEAIKCMGMOSESin ABCs. ons ee eis os bec eeatecne ete 60 
Exhausigaopens,, mbBCs.......... egos WEEE 75 OO 63 
Exitals tar COS Sicry AliGreve + cee: c sieve ayes ies © efetoyero soos 29 
SPagkeplUGg Gaps INCHES. ..-c2 cies cscs s bs oe atau otek 0.028 to 0.031 
EXIGE MWC Gia 8 Dees jsaeenaize cacuonrayailateeue jo coliers vous anoseueueyoasgere yet 300 
Exhaust-gas-recirculation system: 
Wall WE BRtAVIID Cla etete he onereuai tiers iets, so. <ilesueue «ow, oueusiocs custegsun aw tapered stem 
COMEGONMSMG Mall PAs = eters Sitteve sss rcis, ces «.co she erenere. ane ported vacuum 
POimitemoiturGinS CARS aoe, 3 c:.0)c8. 5c uscecouecisssi ace. t0ius/opeuers ecneds intake manifold 
Crankcase emission control: 
COMEROMMB MEMO such ery suerevas «nie eV onsice-o oysiieis/o,0 speueyso oof positive crankcase 
ventilation 
BOMIMED Op GiTSEMANGE occ oie se soho cyeise ere asso one lols loser, SeCe eee intake manifold and 
breather 
Air-injection system: 
BAUM Pps taY) JO Siero ay cate otorowresoratavctalaramereratnavasiaavearerdratersuayterenanva rotary vane 
COMEGON MeSH GMA Deeyeve scp ave tees, ravene- 2 Cleves. one ote so eemiene a wees ported vacuum 
POUME OF ‘CHSC ICT Ra Sameer See Me ee erent exhaust manifold 
Vat URE O Mam CY Cleeve rave) oy one (ailsret'o ole: Sirevarsd ie! o's el'd jnls Cre wi nie Ove sare 2V downdraft 
Distributor specifications: 
Centrifugal advance, begins at 500 distributor* rpm...... 0° 
Centrifugal advance, full at 3050 distributor rpm........ 28° 
VacuummadvanGers begins at 6.69" ine HG... asics -tccteeee ce 3s 0° 
Vacuummadvance. maximumat 15.75 ins HGe.. owe. eee. NZS 
WAGUUMMGeicasd beGINS atme.OO) WM. HGj.c. occ. emcees ewe es eee 03 
VACUUMMReitatsGreinaxal MUM sarta lil OOM Tie ut Gisesiererevers wstevavercrers «0s 5° 
CalrgOUBEC OM IMUMDE eats cis aieielers sce evel vie oie) 0.0 e/a w loleroie eis oraie 28-32DIDTA 
EGRIVMIVCM MUMBO srctcisissveleics:cieic ieee Sus ss cieiee e's osicie'sie s wa K5T50271 
DISC Val DUE OVAMUMDE Waters 0cleve «aus cliercle ie ec iwiciwiesice siglewe oer T3T04271 


*Distributor rpm = 45 engine rpm. 


TABLE 2. FUEL SPECIFICATIONS 


FUTIAN oyeiayscreaauonetetescotowerenetel ox auere secon tenaciers 7619 
Research OctanemNoscawetser retinas Oie5 
Motor *octane Noor sta set teeters 8355 
Specific gravilty wise see ere 0.7160 
Reid vapor pressure, DSig............ 55) 
Distillation, °F: 
10) pet! evaporaitediys::-tr.circcttoetee 128 
50 pct Neb ah Wan Homa When tone tonenatata atte 218 
95 pct NEO oo Se ad oes) SAR ice Se 404 
100 pet Me wm © o RNStaademUActee memo M eeu enamoms we 417 
APT. grava ty..: Gegi.i.4 sitet 66.1 
FIA analysis, pct: 
AV OMAitET CStarehirssetetetotersite stele teretatete meted otters 6 
OU GF ANS wieyscieis haters be ue clsue eee eer 17 
Parra fells, wea tratete tetas te tote tetaate st tebe totetonte 77 
SUT UY SPD Cite ns. mireretets tere tame remetatatetvertoretons 0.024 
Lead! G/Galle. 22. i eR Lee eae Trace 
Hydrogen/carbon ratio................ 2.040 
Oxygen/carbon atomic ratio........... 0.000 
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FIGURE 1. 
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Brake Specific Fuel Consumption, Torque, 
and Brake Horsepower versus Engine rpm 
at Wide-Open-Throttle--98-CID Colt Engine. 
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PONER, bhp 


FIGURE 2. Air/Fuel Ratio versus Power at Various Speed 
and Load Conditions--98-CID Colt Engine. 
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FIGURE 3. Carbon Monoxide Emissions versus power at Various 
Speed and Load Conditions--98-CID Colt Engine. 
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FIGURE 4. Hydrocarbon Emissions versus Power at Various 
Speed and Load Conditions--98-CID Colt Engine. 
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FIGURE 5. Oxides of Nitrogen Emissions versus Power 
Various Speed and Load Conditions--98-CID 
Colt Engine. 


16 


1,090 rpm 
6 
e 
3 
2 0 
yy 0 3 6 9 12 15 
= 
ry 
2 
at 1,500 rpm 
= 
= 10 
st 
a 
z 
8 ° 
6 
4 
2 
0 
-4 «0 4 8 12 16 20 
18 
2,000 rpm 
15 
12 
9 
6 
3, 
0 
-6 0) 6 12 18 24 30 
24 
2,500 rpm 
20 
16 
— 
3 12 e 
= 
a 
5G 
wi 
= 
= 
a4 
w 
> 
z 
0 8 1624 S254 OLA: 


POVER, bho 


FIGURE 6. Fuel Rate versus Power at Various Speed 
and Load Conditions--98-CID Colt Engine. 
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